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0: K. B. Woods, Director “February 28, 1958 
Joint Highway Research Project 


FROM: 8 H. L. Michael, Assistant Director File: 3-320 
Joint Highway Research Project Project: C-36-54T 


Attached is a confidential report entitled, "Highway Suffi- 
 clency Rating Study--Rural State Highways in Indiana." It has been 
prepared by Mesars, Ds Oe Covault, He He Blindauer, and L. D. Powers. 


‘The report includes a priority rating for each section of 
highway requiring improvement on the rural state primary and state 
_ secondary systems. The information is to be used as a tool in select- 
ing the actual construction priorities, 


This report is supplementary to the Needs Study report and 
_ the information was obtained during the conduct of the Needs Study. 
‘The paper is presented as confidential information for the State High- 
way Department of Indiana. 


Respectfully submitted, 


Beefs’ . H. Le Michael, Assistant Director 
Joint Highway Research Project 


--G.-B, Vogel gesang 
J. E. Wilson 
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HIGHWAY SUFFICIENCY RATING STUDY 
RURAL STATE HIGHWAYS IN INDIANA 


- Background 


This sufficiency rating study is an outgrowth of and a 


supplemental report to the highway needs study conducted by the 
Joint Highway Research Project at Purdue University. while state 
personnel were used in collecting information for the highway inven- 
tory (1954), this study was in the nature of a research project and 


was conducted by personnel of the Joint Highway Research Project. 


Sufficiency Ratings Defined 


The device used in determining priorities in this study was the 
sufficiency rating. The sufficiency rating is an endeavor, oF 
weighted point values, to determine the adequacy of the rural sections 
of the highway system based on available data. In this case, the data 
were obtained from the State Highway Derartment road inventory con- 
ducted for the needs study. | 

The procedure can be described as testing a road section by com- 

paring it to recommended design standards specified for that roads 
“ thevedore that the particular section attains is represented by the 
sufficiency rating, | ai 

The possible range in "scores" or sufficiency ratings is from 
O to 100. A rating of 100 indicates that a section is perfect, 1. Go, 
equivalent to the design Bretaardil The ratings, therefore, determine 

a system of priority for improvement - the highway with the Towne 


iciency rating would have the highest priority for improvement. 


Digitized by the Internet Archive 
in 2011 with funding from 
LYRASIS members and Sloan Foundation; Indiana Department of Transportation 


http://www.archive.org/details/highwaysufficienO0cova 


Lo 


Scope of Study 


Only rural State Primary and Secondary roads were considered in 
this study. Furthermore, this report concerns only those sections 
which were "critical", i. ae intolerable, for present (1956) condi- 
tions. The basis for determining tolerability was comparison with > 
tolerable standards. Tables I and II list the tolerable standards 
that were developed for the State Primary and State Secondary Systems, 
Figure 1 illustrates some of the tolerable standards that were used. 
The same elements with design standards are shown in Fisure Zo 

The sections covered by this study, therefore, represent the 
backlog of needed construction, a3. that construction which is neces— 
sary to eliminate the present fneoversnile corditions. The "backlog", 
. or "immediate needs", refers to those inprovenents required now for 
| | all highways, bridges, and railroad crossings which 4o not presently 
meet tolerable standards. The term refers specifically to the exist— 
ing needs of Indiana's highways which have accumulaied because of the 


ever-increasing gap between an inadeouate and an adequate highway 


system. 
In most instances intolerable sections will be reconstructed to 


design standards. Some sections, however, will only be develapsd to 


<* 
~ 


tolerable standards. In these latter cases, resurfacing and w'dening 
will be the only reconstruction performed. 
| Rural highways which had urban type cross sections (curbs and 
gutters, etc.) were not rated separately but were given the sufficiacy 
rating of the adjoining rural section! 
iss 


_--«-#State Highways not on federal aid systems were included under the 
secondary system. | | 
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FIGURE 2 
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Road Sections 


Due to the differences in use and structure of various parts 
of the highway system, a method is needed for dividing the system 
inte contiguous segments that are capable of being analyzed as a whole 

and compared with other segments. The inventory data were obtained on 
the basis of maintenance sections for each route. The highway systems 
were, therefore, also analyzed on ihe basis of this method. 

Each maintenance section (which is usually from 1 = 10 miles in 
length) was then divided into a number of subsections with the division 
occurring at: 

(1) A substantial change in traffic volume; or 

(2) <A change in the structural erarecteniatics of the pave= 

ment, i. e., a change in width, change in surface type, or 
a change from a rural pavement to an urban pavement; or 

(3) The intersection of two or more state routes with each other. 

Using the above criteria, each maintenance section was divided 
into an average of three subsections. In some cases nine aubaesticne 


| 
, 
resulted. 


Basis of Sufficiency Ratings 


. The Haeie rating is composed of an analysis of the highway elements 
as to structural adequacy, service, and safety. As part be tiereanvrice 

_ analysis, the sections were examined with respect to traffic capacity 

_ as compared to 1955 traffic volumes. In addition, the basic rating 

"was adjusted on the basis of traffic volume to give higher prierities 


_ to roads carrying large volumes of traffic. a 
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8. 


Although approximately 30 states have adopted some type of 


sufficiency rating system for their state highways and streets, each 


state has used its own methods and values and there is, therefore, no 
relation between ratings from one state to the next. 

The sufficiency rating method cannot be used exclusively to solve 
all of the highway planning problems. Like any other tool for planning, 
it has its limitations and advantages. Some of these are: 

Advantages: 
| 1. Aids in petenlichment of priorities of improvement. 

2. Minimizes the element of personal judgement involved in 
highway planning. 

3. myaliiates the road section's ability to carry traffic 

| safely, rapidly, and economically. 

| 4h. Keeps political and community pressure to a minimum in 


planning and construction. 


he! 5, Ratings are easily understood when plotted on maps for 

7 presentation. 

6. Special lists can be prepared to bring critical sections to 
the attention of programming officials. 

To Maps can be used to keep legislative officials advised of 
Rie current status of the highway plant. | 

8. Sufficiency rating systems can be adopted to long range 
highway planning. | 


Disadvantages: 
1. Sufficiency ratings do not indicate relative benefits of 
_ construction eof one highway versus another. In addition, 


_ cost of construction is ignored. 
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3 to highway departments have funds allocated 


iL 


" according to highway systems. It may be impossible to con- 
vabroct a highway even though it has a high priority because — 
of lack of funds in that particular system. 

3. It is impossible to munaivade 4 road into sections which are 

completely homogeneous. 

4. The seriousness of a particular deficiency may not be apparent 

i unless small sections are rated individually. 

it Se It is impossible to obtain accurate maintenance costs on 


short sections. 


7 Rae i An 
ee 6. It is difficult to rate conditions at intersections, inter- 
at pie changes, urban boundaries, etc. 


7. ‘The need of new routes is not considered. 


8. Short though critical deficiencies such as narrow or 


it 
M structurally weak bridges are not rated. 
Factors. Determinin Sufficiency Ratings for Indiana‘s Hig \ 
- ; : In this study, the factors used to determine the sufficiency ratings 
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10. 


Ratio of 1955 traffic volume to existing capacity - 50 points 
Structural elements - 40 points — 
Safety - 10 points 


The structural elements were further divided as follows: 


‘surface condition =- 10 points 
Pavement width - 10 points 
Shoulder width ; - 10 points 
Surface thickness - 5 points 
Subbase thickness (P. C. concrete) - 5 points 
Total cice-uae of pavement in relation 


to soil type (asphalt) - 5 points 


After maximum values were determined for the various factors, 
existing conditions were taken into account by assigning lower than 
optimum values to less than ideal conditioner For the sake of simplicity, 
minor structures, bridges, overpasses, and underpasses were not con= 


sidered in this analysis. 


Capacity (50 points maximum) 
The fornulation of the graph (Figure 3) used to determine the 
rating for capacity is based on the following assumptions: 
(1) In the twenty-year period from 1955 to 1975 traffic volumes 
*, will double. 
(2) For tolerable conditions, a projected 1975 traffic volume 
of 1.25 times the existing capacity will be acceptable. 
‘Therefore, a 1955 traffic volume to capacity ratio of 0.625 will 
give a 1975 ratio of 1,25. To obtain the capacity rating for a highway, 


the ratio Hyfating Capacity was computed, and the rating from the 
graph ( 3)was read. 
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Structure (40 points maximum) 
These 40 points were evaluated for: 
1. Surface condition (10 points maximum), surface failures 


were indicated in the inventory as: 


O = Slight (0 - 2% of the area affected). 

1 - Medium (3 - 15% of the area affected). 

2 - Extensive (16 — 30% of the area affected). 

3 - Critical (over 30% of the area affected). 

The point value for the surface condition was determined as 


follows: 


Minimum Design 


Standard Rating Inventory Rating Point Value 
0 ) 10 
1 1 7 
2 3 
3 2 


2. Pavement width (10 points maximum) 


1955 Traffie Lane Width Actual Point 
ADT Volume Min. Des. Std. Lane Width Value 
2000 plus 123 12! 10 
11! 8 
10! 5 
9? 3 
Less than 9! 0 
O = 2000 12! 12! 10 
a BUY 9 
10° q 
9° 5 
Less than 9? 0 
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_ Less than 4! 
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6. Total thickness of pavement - Asphalt (5 points maximum) 
The thicknesses shown are based on general soil classi- 
fication in Indiana as shown in Figure 4. 
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Safety (10 points maximum) 
Values used are as follows: 


1955 Accident Rate Per 


100 Million Vehicle Miles Point Value 

QO = 100 10 
101 = 200 9 
201 - 300 8 
301 -=-400 t 
401 = 500 6 
501 = 600 5 
601 ~ 700 k 
7OL = 800 3 
801 - 900 2 
901 = 1000 af 

1001 = and over 0. 


The ratings for capacity, structural, and safety characteristics 
of each section of highway were added together to give a basic 
sufficiency rating. 

| In order to lower the basic ratings for high-volume roads and 
raise the basic ratings for low-volume roads, thereby giving fore 
emphasis to the needs of the more heavily traveled facilities, the 
basic rating for each section was adjusted by use of a Bureau of Publie 
Roads nomograph (see Figure 5). This chart is based on a formula 
; originally developed in Arizona and which hes been used by other states. 


The formula on which the nomograph is based is as follows: 


ye adjusted sufficiency rating 

x= basic sufficiency rating 

T= average daily traffic volume for the section of road 
Pee canara daily traffic volume for the road alan which 
includes the section with average traffic 7 ae 
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EXAMPLE ON USE OF CHART 


GIVEN - X= 18 
T = 4400 vpd 
Ts= 2294 vpd 80 
a FIND — Y 
T(%) = $400 x 100 = 192 % 
Aye re ta) 


Note: For use of actual traffic 
scale at extreme left, see discussion 
on “Adjustment of Sufficiency Ratings 
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= Adjusted sufficiency rating 

= Basic sufficiency rating 

Average traffic for the section of road 
S= Average traffic for the road system which 
includes the section with average traffic T 


SUFFICIENCY RATING 
TRAFFIG ADJUSTMENT CHART 


Figure 5 
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19. 


On the left side of the nomograph are two scales, one with the 

traffic on any one section given as a percentage of the average 
traffic (Ts), and the other with traffic volumes. In order to elLin— 
inate one mathematical operation, that of converting traffic (T) on 
the section to a percentage of the average traffic (Ts), the user may 
cut off the scale with actual traffic volume and place it on the per- 
pentaes scale with the average traffic (Ts) directly over the 100 
percent mark. In this way the adjusted rating for a section may be 
obtained directly from the actual traffic volume for that section. 


The resulting corrected rating is the adjusted sufficiency rating. 


In order to further clarify the procedure for obtaining a 
sufficiency rating an illustrative example follows, showing, step by 
Btepe the manner in which the mating was obtained for section 1033 Ml, 
: maintenance district 1. This section was found to have a very low 


sufficiency rating and is, therefore, a high priority section. 
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- vain ‘Surface condition: code 2 indicates extensive failure 3 
“Pavement width: 13% pavement (9° lane width) (for 1955 
IS, ADT > 2000) 
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be Pee ‘This yalue is used with the traffic adjustment nomograph (Figure 5) 
to get the adjusted sufficiency rating. 
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inelude enough of each roadway item (earthwork, culverts, ete.) to 
obtain reasonable unit prices and be within the capabilities of most 
contractors. | 

After the weighted sverage sufficiency ratings were obtained, 
the priority of construction needs for each resultant section was 
assigned in inverse order to the adjusted sufficiency rating. The 
section with the lowest rating was assigned number one; the section 
with the next lowest rating was assigned number two; ete. If two 
sections had the same adjusted rating, the section with the greater 
traffic volume was given priority over the section with the lesser 
traffic volume. 

The average adjusted sufficiency rating for each resultant sec- 
tion of intolerable highways on the State Primary and Secondard Systems 
is listed in the attached Tables. The first listing is in order of 
route number and the second listing is in order of priority of improve- 
ment. State Primary highways and State Secondary highways are listed 
separately. 

The six attached District maps show the location of the improve- 
ment, the type of improvement, and the priority of improvement of each 


resultant section. 
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Explanation of Tables 


District Number. Only the first digit of the district number is given. 
Example: Number 1 indicates District No. 10; number 2 indicates Dis- 


trict No. 20; etc. 


Route Number, The first digit indicates if the route is federal or 
_ state, and the last three digits give the route number, Example: 
Number 2001 indicates State Route No. 1; Number 1006 indicates Federal 


Route No. 63 etc. 


Type of Highway. The number given indicates the number of lanes in 
place at the present time. Example: Number 2 indicates two lane 

_ highway; number 4 indicates four lane highway; etc. (Note: For the 
purposes of this study, three lane highways are considered to have 


only two lanes.) 


Order of Reconstruction. If only one section is considered as a pro- 
ject, the number given is the order of reconstruction. If more than 
tone section are combined to give a Bietect. the number in brackets is 

the weighted sufficiency rating, and the number without brackets is 
the order of reconstruction. Example: eee a weighted suf-= 


ficiency rating of 86 and an order of reconstruction of 15h. 


Type of Reconstruction. The digit indicates the number of lanes, and 
the letter or letters indicates the type of reconstruction. The nota- 


tions are as follows: 
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C - Complete reconstruction 
WS = Widening and resurfacing 
S = Resurfacing 


T = Tolerable 


Example: The notation 40 means four lane reconstruction; the notation 
2NS-2C means widening and resurfacing the present two lanes and com-= 


plete construction of an additional two lanes. 
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